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ABSTRACT. - Flood risk for roads in Râmna’s catchment. The article 
presents the flood risk for roads in Râmna’s catchment. The main analysis is 
conducted in an area that includes Gura Caliţei and Dragosloveni villages and 
which has been severely affected by July 2005 floods. In sub-Carpathian 
catchment area roads are underdeveloped, with high vulnerability due to the 
materials that they are constructed of (many of earth), their narrowness,  their 
areas with subcalibrated bridges. The risk analysis was performed taking into 
account the historical flood of 2005. Hazard maps, flood vulnerability and 
flood risk maps have been made for road infrastructure. They are fundamental 
in making emergency management plans. With the help of this maps the most 
vulnerable points of the roads in that area, were found. They are represented 
by the areas of bridges. 
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1.  Introduction 
 
For traffic safety on roads situated in flooded areas, flood risk 
management plans are needed. This plans should take into consideration the 
structure of the road, the population served by the road and the ability of the 
roads to cope with natural hazards (Benedetto, Chiavari, 2010).  
One of the main elements affected by floods in Râmna’s catchment 
is the road infrastructure. It is poorly represented in the sub-Carpathian area 
of the catchment and made mostly of earth, which affects the traffic after 
each flood, and even after every significant amount of precipitation. 
For the flood risk and road vulnerability analysis within Râmna’s 
catchment I had chosen an area that includes Gura Caliţei and Dragosloveni. 
This area has suffered significant economical losses from July’s 2005 
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flooding. I made also a map of flooded areas all around the catchment  and I 
have indicated the road sectors that had been affected by flooding.  
  
2.  Database and methodology 
 
The database containes information obtained from carrying out 
investigations and field surveys. To these were added: the urbanistic plans 
from the city halls, topographic plans 1:5000 (provided by ANCPI), satellite 
images dated from 15 July 2005 (made by SERTIT), field observations and 
mapping, using the hydrogeomorphological method.  
Data was analyzed based on a vulnerability assessment scale and graphic 
materials were obtained by using the software ArcMap 9.2. 
 
3.  Flooded areas and roads affected by floods 
  
An important element affected during the floods is the road 
infrastructure. The location of the roads along the watercourse makes them 
vulnerable to floods and also to landslides that occurre following flooding or 
due to erosion exercised by the lateral movement of the river bed.  
Bridges have a higher vulnerability to flooding. The failure of 
bridges and, also, the flooding of the roads, or the incidental landslides 
affecting the access path, following floods, implies the isolation of the 
localities, endangering the life and health of the population by depriving 
people of food or emergency aid. 
Two county roads near the settlements of Răstoaca and Milcov, 
situated in the Lower Plain of Siret river were flooded in 2005. They were 
flooded by the Milcov river, whose waters overruned the lower part of the 
Râmna catchment (Fig. 1).   
Râmna river flooded, also, a number of roads in the catchment. So, 
in Slobozia Ciorasti village a county road was affected, in the Gugeşti 
village two earth roads were affected, in Gura Caliţei village 1.5 km of 
county road were flooded and in Dealul Lung village 1.5 km of communal 
road were flooded. In the village of Poiana Cristei road infrastructure was 
less affected by flooding and more by the landslides occurred after July 
2005 rainfalls and floods on the Râmna river and it’s tributaries. GEOGRAPHIA NAPOCENSIS AN. V, nr. 2/2011 
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Fig. 1.  Râmna’s catchment - flood map 
 
For the risk analysis I chose an area that includes the Gura Caliţei 
and Dragosloveni villages (Fig. 2). The area is crossed by a county road, the 
204M, with two-lane and asphaltic floor. In the analysed area there are five 
bridges over the Râmna river, one of them, located in Gura Caliţei, 
succumbing to the flood of 2005. In addition to the main road that connects 
the plains with the sub-Carpathian hills of the catchment, there are a number 
of back-roads of gravel or earth.  
Located along the Râmna river, the main access road has significant 
sectors situated in the flood area. In July 2005 flood, the height of water 
exceeded 0.5 m and even 1 m in the areas near the bridges and in lower 
sectors of the roads (as related by the locals). 
 GEOGRAPHIA NAPOCENSIS AN. V, nr. 2/2011 
http://geographianapocensis.acad-cluj.ro 
Elena Oana OLTEANU 
  116
 
 
Fig. 2.  Hazard map - the road network in Gura Caliţei and Dragosloveni 
villages 
 
4.  Flood vulnerability 
 
The vulnerability is the lack of resistance to the destructive forces 
(De Roo et. al., 2007). It is composed of two elements, exposure and 
susceptibility. Exposure indicate the items to be affected by the hazard and 
susceptibility shows how these elements will be affected (Merz et. al., 
2007). If you want to reduce flood vulnerability in a catchment, measures 
should be taken to increase system capacity to withstand floods (Ganoulis, 
2009).  
Transport network vulnerability assessment was based on a variety 
of criteria, such as the possibility of using the road during and after the 
flood, the state of bridges, the width of the road and building material, the GEOGRAPHIA NAPOCENSIS AN. V, nr. 2/2011 
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degree of damage made by erosion and the protection offered by vegetation 
(Table 1). 
 
Tab. 1 Criteria and classes of vulnerability of transport networks  
(Barroca B., et. al., 2005) 
 
Indicators Criteria  Class  Vulnerability 
Assessment 
Transport 
Network 
Vulnerability 
The possibility of 
using the road during 
flood 
No 3 
Yes 0 
The possibility of 
using the road after 
flood 
No 3 
Yes 0 
State of the bridge 
after flood 
broken-
down 4 
affected 2 
intact 0 
The degree of 
damage made by 
erosion 
high 3 
moderate 2 
low   1 
lack 0 
Protection of 
vegetation 
absent 3 
present 1 
Width 
less than 
two bands  3 
two bands  2 
more than 
two bands  1 
Construction 
material  
earth 3 
gravel 2 
asphalt 1 
 
 
In case of flash floods, when the time for alert and evacuation of the 
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importance. The potential of using the road after flood makes possible the 
intervention of fire crews, medical or humanitarian ones.  
The breake-down of the bridges after floods leads to the isolation of 
settlements and to the impossibility of intervention with emergency cars. 
The population becomes more and more vulnerable as the recovery time for 
the access roads gets greater.  
After the floods, roads may be affected by landslides on certain 
sectors. The situation is very common in the sub-Carpathian part of the 
catchment, where landslides can lead to the isolation of villages or hamlets. 
Protection offered by the vegetation is, thus, a factor in reducing the 
vulnerability of roads. 
The road’s construction material indicates its physical resistance and 
cargo carrying capacity, especially in wet conditions. An asphalted road will 
provide a better opportunity to evacuate before the flood and a good 
possibility to access in the area with the intervention units during and after 
the flood. Instead, an wet earth road, will make evacuation and vehicle 
access very difficult. In order to evacuate as soon as possible, the road width 
is very important. To avoid roadblock it is indicated the evacuation on foot 
rather than by car.  
In this paper we made maps of flood vulnerability for roads (Fig. 3), 
in the Gura Caliţei and Dragosloveni villages, who, as mentioned, were 
most affected by floods in 2005. The methodology used for their 
achievement was the division into classes according to the vulnerability 
assessment grid above (Table 1). 
The vulnerability maps include the roads and bridges damaged by 
2005 flood. Mapping helps in estimating potential losses. Roads are have a s 
higher vulnerablility, the more susceptible they are to be affected by a 
hazard (Benedetto, Chiavari, 2010).  
The roads flooded in 2005 were classified with medium and high 
vulnerability. The sectors with increased vulnerability are represented by the 
bridges. River crossing during and after the flooding is a problem for many 
bridges over the Râmna. In 2005 one of these bridges collapsed, isolating a 
great part of Gura Caliţei village. Its reconstruction was delayed for two 
months. In this time population movement was possible after building a 
temporary bridge. 
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Fig. 3.  Flood vulnerability map fot roads in  Gura Caliţei and 
Dragosloveni villages 
 
5.  Flood risk 
 
Flood risk maps should represent the documents on which State or 
local government manages flood crisis (Ionescu, 2006).  
The flood risk map (Fig. 4) was made after determining risk 
categories for each sector of the road, considering the type of vulnerability 
and the hazard type. In terms of hazard, we analyzed only the height of 
flooding, based on the information provided by locals and land elevation 
values (1:5000 topographical plans). 
Knowing the risk areas there can be made emergency evacuation 
plans. In these plans, the speeding of the population alert system should 
have an important role, given that floods occur quickly in the sub-
Carpathian hills. If the flood of July 2005, whose main peak was reached GEOGRAPHIA NAPOCENSIS AN. V, nr. 2/2011 
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during the night, the warning of the population had not been made in time in 
the localities situated in the sub-Carpathian hills. So, many people managed 
to save themselves in the last moment, after hearing the noise made by the 
flood. They had not had time to take refuge on the slopes, choosing, instead, 
the attic of their house or taller trees in their yard or garden. The risky, last-
minute decisions, proved lucky and made the loss of life to be avoided. 
Instead, material losses was high, because people did not have time to save 
their assets. Thus, early warning results in reducing losses.  
 
 
 
Fig. 4. Flood risk map for the road network in Gura Caliţei and 
Dragosloveni villages 
 
Another very important element in achieving evacuations is the 
presence of access roads and their quality. It is necessary to have 
accessibility to safe, higher areas and also, that the access roads to have GEOGRAPHIA NAPOCENSIS AN. V, nr. 2/2011 
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proper widths, according with the number of people supposed to use them in 
the same short period. The time needed for evacuation should be calculated 
from the time of alert to the time of actual flooding, so that, the best, fastest 
access roads to be chosen. It is very important also that the evacuation 
routes to be known to the public. Also, the sectors of the road situated in the 
flood area should be marked with special road signs for the risk of flooding, 
so that they could not become areas of refuge or escape routes for the 
population. 
 
6.  Conclusions 
 
In the flood risk analysis of an area, road infrastructure is of great 
importance. Flood vulnerability must be known in order to work towards its 
mitigation and increasing public safety. Road sections located in flooded 
areas must be known and marked on the field to inform the population and 
decrease risk. Flood risk maps of roads may indicate not only the sectors of 
the roads located in the flood area but also the possible escape routes for 
people and their goods. The existence of these access routes to safe areas as 
well as the information of the population on their existance is an important 
factor in lowering the floodrisk. 
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